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Background. Chronic Venous Insufficiency (CVI) provokes skin pigmentation commonly seen in the gaiter region of the
leg. The exact nature and pathogenesis of this are poorly understood.
Objective. To evaluate the presence of melanin and haemosiderin in histological sections of the skin of limbs with primary
varicose veins.
Methods. Histological investigations were performed in 49 biopsies from pigmented and non-pigmented skin of limbs with
varicose veins and control limbs.
Results. All samples from pigmented skin showed a higher content of melanin than controls. In contrast, haemosiderin was
found in only a few biopsies taken from the more severely pigmented skin in areas of lipodermatosclerosis. Erythrocyte di-
apedesis was observed only where an intense inflammatory process was also present.
Conclusions. Our findings suggest that in the initial phases of skin changes due to venous disease, pigmentation is at-
tributable to melanin. Haemosiderin seems to play a role in the evolution of skin changes toward lipodermatosclerosis
and ulceration. Erythrocyte diapedesis is likely to occur only during acute phases of the inflammatory process.
Further investigations are needed to explain the cause and the exact cellular and molecular mechanisms responsible for
hypermelanisation occurring in early phases of skin changes in CVI.
 2007 Published by Elsevier Ltd on behalf of European Society for Vascular Surgery.
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Chronic Venous Insufficiency (CVI) provokes cutane-
ous pigmentation of the leg ranging from small
regions of mild dyschromia to extensive areas of
severe skin darkening. Cutaneous pigmentation is in-
cluded in the C4a stage of CEAP classification.1 Due
to the wide range of skin changes considered within
C4 stage, two sub-classes were designated: 1) C4a,
including skin pigmentation of any size and severity,
and: 2) C4b, that includes more severe changes with
cutaneous retraction and subcutaneous sclerosis (lipo-
dermatosclerosis) or skin atrophy (atrophie blanche).2
The nature of CVI-related pigmentation is still
controversial. In fact, it is currently assumed that
this is due to haemosiderin and/or melanin.3e6 The
abnormal presence of these pigments is explained
by extravasation and lysis of red blood cells in the
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into haemosiderin which would finally stimulate
melanogenesis.7
In order to clarify the nature and pathogenesis of
CVI-related pigmentation, the presence of melanin
and haemosiderin and the frequency of erythrocyte
diapedesis were investigated in biopsies from non-
pigmented, pigmented and lipodermatosclerotic skin
of legs undergoing surgery for primary varicose veins.
Materials and Methods
Caucasian subjects with skin types II-III according to
the Fitzpatrick classification scheme8 were considered
for this study. We excluded patients who reported
recent exposure of legs to ultraviolet rays and a history
or clinical evidence of conditions and treatments
which might influence skin pigmentation (Table 1).
Biopsies of control skin were obtained from patients
undergoing orthopaedic surgery. This study was con-
sidered and approved by the local committee onn behalf of European Society for Vascular Surgery.
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ten consent were included in the study.
Forty-five biopsies were taken from 25 legs of 24
subjects (11 male, 13 female, mean age 58 years)
who were undergoing surgical treatment for primary
varicose veins in our hospital. We included patients
classified as stage 3 of the Venous Clinical Severity
Score).9 Preoperative duplex ultrasonography10 was
used to confirm the presence of sapheno-femoral
reflux including incompetence of tributaries. Punch
biopsies were taken (2e4 mm diameter) in close prox-
imity to leg varicosities during the surgical procedure
which usually comprised of junction ligation and
saphenous stripping combined with phlebectomies
for varicosities. The punch biopsy holes were used
to perform phlebectomies in order to minimise the
effects of our investigation. All legs with cutaneous
pigmentation of any size and severity underwent at
least two biopsies, from affected skin and from the
adjacent apparently normal skin.
Table 1. Exclusion criteria
1) Arterial diseases, lymphatic disorders, deep venous obstruction
or incompetence, microangiopathies (diabetes, rheumatoid
arthritis, vasculitis, collagen vascular disease).
2) Dermatological disorders.
3) Foot, ankle, knee or hip disease, neurological disorders and
obesity, when resulting in an impaired articular function or
muscular pumping.
4) Haematological diseases, cardiac, pulmonary, renal or hepatic
failure.
5) Any previous surgical treatment, trauma or irradiation of the leg.
6) History or current administration of drugs known to affect
melanin and haemosiderin metabolism.Eur J Vasc Endovasc Surg Vol 35, January 2008Control specimens were taken from legs which did
not show clinical or Duplex evidence of CVI. Four
skin biopsies from the medial aspect of the leg were
obtained from 4 subjects (2 males, 2 females, mean
age 58 years) undergoing orthopaedic surgery. Biopsy
holes were then used to perform surgical procedures.
Histology and immunohistochemistry
The biopsies were fixed in 10% buffered formalin solu-
tion and processed using haematoxylin and eosin (HE)
staining. In addition the sectionswere stainedwith Fon-
tana-Masson and Perl’s stains, which allowed us to
differentiate the presence of melanin and haemosiderin,
as has been previously reported.3,4,11
Fontana-Masson stain is currently used for the de-
tection of melanin granules because melanin has the
ability to reduce a solution of ammoniacal silver ni-
trate to metallic silver.12 Melanin appeared as brown,
brownish-black or black granules co-located within
melanocytes, keratinocytes and intercellular spaces
of the basal epidermis (Fig. 2).
Perl’s stain is currently used for the detection of hae-
mosiderin granules because it detects the presence of
ferric ions (Fe3þ) in the tissue due to the production
of ferric ferrocyanide which results from the reaction
of ferric ions with ferrocyanide.12 Haemosiderin was
visible as granules (siderosomes)withindermalmacro-
phages (siderophages) as well as in the interstitium
between the collagen bundles of the dermis. These
granules appeared brownish or black in HE sections
and blue in Perl’s stain (Figs. 3e5).
In order to quantify the number of melanocytes,
S100 positive cells of the basal epidermal layer perFig. 1.No hypermelanisation of the basal epidermis and no haemosiderin deposition are visible in skin biopsies of both non-
varicose leg (A) and C2 leg (B) (HE, original magnification: 20X). C) The arrow indicates where the sample that in B) was
taken.
113The Nature of Skin Pigmentations in Chronic Venous InsufficiencyFig. 2. C4a leg. A) Non-pigmented skin (HE, original magnification: 40X). B) Non-pigmented skin (Fontana-Masson, original
magnification: 40X). C) Pigmented skin (HE, original magnification: 40X). D) Pigmented skin (Fontana-Masson, original
magnification: 40X) E) The arrows indicate where the two biopsies were taken. An higher content of melanin is in the basal
epidermis of pigmented area (C and D) with respect of the adjacent non-pigmented skin (A and B). No haemosiderin
deposition is visible in pigmented skin. Note infiltration, vascular proliferation and fibrin cuffs in the papillary dermis
of both samples.Eur J Vasc Endovasc Surg Vol 35, January 2008length of the epidermal/dermal boundary were
counted13 The sections were labelled according to
streptavidin-biotin-peroxidase technique using S100
protein antibodies. The melanocyte count was com-
pared in 10 biopsies of pigmented lesions and in 10
biopsies taken from the same leg in non-pigmented
areas.
Four groups of specimens were obtained by this
strategy: A) Non-pigmented skin from control sub-
jects (four biopsies). B) Non-pigmented skin from var-
icose vein legs (twenty-five biopsies). C) Pigmented
skin from varicose vein legs (twelve biopsies). D) Pig-
mented lipodermatosclerotic skin from varicose legs
(eight biopsies).
Results
Group A: Non-pigmented skin of non-varicose subjects
The epidermis was weakly stained by HE and Fon-
tana-Masson due to a small amount of melanin in
the cells of the basal layer (Fig. 1A). No melanin,haemosiderin deposition or erythrocytes diapedesis
was seen in the dermis.
Group B: Non-pigmented skin of varicose legs
No differences were observed between specimens of
groups A and B (Fig. 1A and B) with regards to the in-
tensity of epidermal melanin pigment as revealed by
HE and Fontana-Masson stains (Table 2). No dermal
deposition of melanin was found.
No haemosiderin was found in the dermis of 22 out
of 25 specimens. Three biopsies showed haemosiderin
aggregates within macrophages (siderophages) in the
papillary dermis. Two of these biopsies belonged to
apparently normal skin surrounding lipodermato-
sclerotic areas (Fig. 4A). The third one belonged to
the skin overlying large venulectasies at the ankle
(the so called ‘‘corona phlebectatica’’).14
Erythrocyte extravasation was seen in only one bi-
opsy taken in the proximity of a saphenous tributary
with active thrombophlebitis.
114 A. Caggiati et al.Fig. 3. C4a leg. A) Sample from severely pigmented skin. (Perl’s, original magnification: 40X). Blue-stained haemosiderin
granules are in the dermis. B) The arrow indicates the site of the biopsy that in A).Group C: Pigmented skin of varicose legs
In all biopsies, the intensity of epidermal melanin
pigment revealed by HE and Fontana-Masson stains
was higher than in samples of groups A and B.
(Figs. 2C and D, 3A). In five biopsies, Fontana-Masson
stain revealed the presence of melanin aggregates in
the dermis (melanin incontinence, according to Nagao
et al ).15 Dermal deposition of haemosiderin was
found in only three biopsies of this group, belonging
to wider and more intense pigmentation (Fig. 3A).
Diapedesis of red blood cells was not found.
Counting S100 positive cells of the basal epidermal
layer did not reveal any significant difference in the
number of melanocytes between samples of normal
and pigmented skin taken in the same legs (p¼ 0.75).
Group D: Pigmented lipodermatosclerotic skin
of varicose legs
In all samples, the intensity of epidermal melanin pig-
ment revealed by HE and Fontana-Masson stains was
higher than samples of groups A and B. (Fig. 4B).
Melanin granule aggregates were found also in the
dermis of 4 specimens.
All biopsies showed dermal deposition of haemo-
siderin in the papillary and even reticular dermis
(Figs. 4A, 4B and 5A). Haemosiderin appeared to
be both intra- and extracellular and scattered
throughout the interstitium of the dermis. In fiveEur J Vasc Endovasc Surg Vol 35, January 2008samples, haemosiderin granules were also present
in the septa of the underlying hypodermis.
Erythrocyte diapedesis was seen in two samples
taken in proximity of active ulcers. (Fig. 5).
Discussion
It is currently assumed that CVI-related pigmentation
is due to haemosiderin and/or melanin.3e6 The ab-
normal presence of these substances is explained by
extravasation and lysis of red blood cells in the der-
mis, followed by decomposition of haemoglobin to
form haemosiderin which stimulates melanogene-
sis.5e7 Our findings do not fully support these
statements.
Our findings suggest that clinically evident skin
pigmentation in CVI is melaninic in nature. In fact,
all samples of groups C and D showed a higher con-
tent of epidermal melanin than those of groups A
and B (Table 2). Moreover, melanin dermal inconti-
nence was found in more severe dyschromia.
In contrast, haemosiderin was found in only 3 out
of 12 samples of group C, as part of more extensive
and severe pigmentation. In a number of cases, hae-
mosiderin deposition in the dermis coexisted with
a normally pigmented skin.
The coexistence of dermal haemosiderin and a nor-
mal skin colour strongly disagrees with current theo-
ries on CVI-related skin pigmentation. However, this
condition has already been reported in 1983 by
115The Nature of Skin Pigmentations in Chronic Venous InsufficiencyFig. 4. C4b leg. A) Non-pigmented skin close to a lipodermatosclerotic area (Perl’s, original magnification: 40X). Despite the
presence of blue-stained haemosiderin in the papillary dermis, no hypermelanisation of the basal epidermis is present. B) Lip-
odermatosclerotic skin (Perl’s, original magnification: 40X). A great amount of haemosiderin is in the papillary and reticular
dermis. Hypermelanisation of the basal epidermis. C) The arrows indicate where the biopsies that in A) and B) were taken.Chatard and Dufour in patients with vitiligo and
haemochromatosis.16
Our findings contrast with the current opinion that
in CVI legs skin pigmentation follows haemosiderinextravasation which would enhance melanogene-
sis.4e6 Our data shows that hypermelanisation occurs
before erythrocyte diapedesis and haemosiderin de-
position. However, it is still unclear whetherFig. 5. C6 leg. A) Erythrocytes crossing the microvascular wall (arrow) and the interstitial space (arrowhead) are visible
(Perl’s, original magnification: 40X). B) The arrow indicates the site of the biopsy that in A.Eur J Vasc Endovasc Surg Vol 35, January 2008
116 A. Caggiati et al.Table 2. All slides were evaluated blind by one observer (CR). For a semi-quantitative gradation, scores ranging from negative (L) to
DDD (maximum) were defined separately for the presence of melanin and haemosiderin and for evidence of erythrocyte diapedesis.
The severity of pigmentation was scored according to Venous Clinical Severity Score.9
SKIN ASPECT Melanin (Epidermis) Melanin (Dermis) Hemosiderin Erythrocytes Diapedesis
NOT PIGMENTED (CONTROL) þ   
NOT PIGMENTED (CONTROL) þ   
NOT PIGMENTED (CONTROL) þ   
NOT PIGMENTED (CONTROL) þ   
NOT PIGMENTED þ   
NOT PIGMENTED þ   
NOT PIGMENTED þ   
NOT PIGMENTED þ   
NOT PIGMENTED þ   
NOT PIGMENTED þ   
NOT PIGMENTED þ   
NOT PIGMENTED þ   
NOT PIGMENTED þ   
NOT PIGMENTED þ   
NOT PIGMENTED þ   
NOT PIGMENTED þ  þ 
NOT PIGMENTED þ  þ 
NOT PIGMENTED þ   
NOT PIGMENTED þ   
NOT PIGMENTED þ  þ 
NOT PIGMENTED þ   þ
NOT PIGMENTED þ   
NOT PIGMENTED þ   
NOT PIGMENTED þ   
NOT PIGMENTED þ   
NOT PIGMENTED þ   
NOT PIGMENTED þ   
NOT PIGMENTED þ   þ
NOT PIGMENTED þ   þ
PIGMENTED (mild) þþ   
PIGMENTED (mild) þþ   
PIGMENTED (mild) þþ   
PIGMENTED (mild) þþ þ  
PIGMENTED (mild) þþ   
PIGMENTED (mild) þþ   
PIGMENTED (mild) þþ þ  
PIGMENTED (moderate or severe) þþþ   
PIGMENTED (moderate or severe) þþþ þ þ 
PIGMENTED (moderate or severe) þþ þ þ 
PIGMENTED (moderate or severe) þþþ þ þ 
PIGMENTED (moderate or severe) þþ þ  
LIPODERMATOSCLEROTIC þþ þ þþ 
LIPODERMATOSCLEROTIC þþþ  þþþ 
LIPODERMATOSCLEROTIC þþ  þþþ 
LIPODERMATOSCLEROTIC þþþ þ þþ 
LIPODERMATOSCLEROTIC þþ þ þþþ 
LIPODERMATOSCLEROTIC þþ  þþþ 
LIPODERMATOSCLEROTIC þþþ þ þþþ þ
LIPODERMATOSCLEROTIC þþ  þþ þhypermelanisation is actually due to enhanced mela-
nogenesis rather than to altered transfer of melanin
from melanocytes to keratinocytes or to reduced mel-
anin degradation.17 The results of S100þ cells counts
allow only to exclude that hypermelanisation is due
to an increase of the melanocyte population.
The exact cellular and molecular mechanisms
responsible for skin pigmentation still remain obscure.
However, our histological findings closely resemble
those reported for other benign skin pigmentation
disorders.13,18 This allows us to hypothesise thatEur J Vasc Endovasc Surg Vol 35, January 2008dysregulation of melanin metabolism in CVI legs
might be related to phlogistic events occurring in the
underlying dermis, as it occurs in melasma and senile
lentigo. Any inflammatory cytokines and growth fac-
tors such as alpha-melanocyte stimulating hormone,
endothelin-1, or stem cell factors have been considered
as possible mediators.11,13,19,20 This hypothesis is sup-
ported by previous reports which described dermal
inflammation in the skin of C2eC4a legs21e23 and by
the presence of histological markers of inflammation
in biopsies of pigmented lesions.
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Eur J Vasc Endovasc Surg Vol 35, January 2008The absence of pigment deposition in legs affected
by long-lasting severe varicose disease led us to hy-
pothesise that the tendency of the skin to respond to
venous stasis with or without pigmentationmay be ex-
plained, as reported for all types of post-inflammatory
skin pigmentation,24 with ‘‘.an inherited individual
chromatic tendency that is based on ‘‘weak’’ or ‘‘strong’’ me-
lanocytes and their tendency to respond to inflammation with
hyperpigmentation.’’.24 Such a constitutional predispo-
sition would be similar to that demonstrated by Zam-
boni et al. for iron metabolism in subjects with venous
ulceration.25 It could also explain why legs with severe
impairment of venous returndonot undergohyperpig-
mentation and vice versa.
Our findings exclude an active role of haemosi-
derin in triggering skin pigmentation but demonstrate
that its deposition correlates to the severity of skin
changes. This suggests a determinant role for haemo-
siderin in the evolution of stasis dermatitis toward lip-
odermatoclerosis and ulceration. This hypothesis
agrees with the fact that haemosiderin activates prote-
ases and stimulates generation of free radicals, two
factors responsible for dermal tissue remodelling
and skin necrosis in CVI legs.26
On erythrocytes diapedesis
Haemosiderin deposition in leg skin in CVI is currently
explained by erythrocyte extravasation.27 Surprisingly,
most biopsies with dermal deposition of haemosiderin
did not show active diapedesis of erythrocytes. In fact,
this phenomenon was found only in skin samples
where active and intense inflammatory processes
were alsopresent. In agreementwith theultrastructural
findings of normal interendothelial gap junctions in
C4b skin samples,28 our preliminary findings led us
to hypothesise that red blood cell diapedesis occurs
only during acute phases of stasis dermatitis.
Conclusions
To the best of our knowledge, the present study is the
first to evaluate the presence of melanin and haemosi-
derin in CVI legs with regard to C classes of the CEAP
classification.
Our findings suggest that melanin and haemosi-
derin participate in different developmental phases
of skin changes in CVI. A so far unknown abnormal-
ity of melanin metabolism is responsible of skin dys-
chromia. Haemosiderin is likely to contribute to the
darkening of more severe pigmentation but character-
ises histologically the progression of skin damage
toward lipodermatosclerosis and ulceration.Further studies are needed in order to define which
kind of dysregulation of melanin metabolism (synthe-
sis, distribution or turnover) occurs in CVI and the
mechanisms which modulate this change.
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